Objective: Many epidemiologic studies have reported that obesity is associated with short sleep duration. How the degree of obesity or other clinical characteristics of the obese individuals, such as sleep disturbances or emotional stress, define this relation is not known. Design: We studied a random sample of 1300 middle-aged men and women from the Penn State Cohort in the sleep laboratory for one night. Sleep disturbances were recorded as insomnia, excessive daytime sleepiness (EDS) or sleep difficulty. Chronic emotional stress was determined by the Minnesota Multiphasic Personality Inventory-2 (MMPI-2). Results: Obese individuals (body mass index, BMI430) reported shorter duration of sleep, had a higher incidence of subjective sleep disturbances (47.4 vs 25.5%; Po0.01) and scored higher for chronic emotional stress than nonobese subjects. However, there was no difference in self-reported sleep duration between obese and nonobese individuals without subjective sleep disturbances, while both obese men and women with sleep complaints scored higher in the MMPI-2 compared to obese individuals without sleep complaints. The shortest sleep duration was reported by the obese insomniac patients (5.9 h), followed by obese with EDS (6.3 h) or sleep difficulty (6.6 h). The effect of chronic emotional stress was stronger than that of the BMI on the reported sleep duration, with a synergistic joint effect. The presence of a sleep disturbance was associated with a reduction of reported sleep by 18 min for men and 42 min in women, whereas a 10 kg m À2 increase of BMI was associated with a 16 and 6 min decrease of sleep in men and women, respectively. Interestingly, there was no association between objective sleep duration and BMI. Conclusion: Self-reported short sleep duration in obese individuals may be a surrogate marker of emotional stress and subjective sleep disturbances, whose detection and management should be the focus of our preventive and therapeutic strategies for obesity.
Introduction
Obesity is highly prevalent in Western industrialized countries. In the United States the prevalence of obesity has increased significantly over the past two decades. In 1980, 15% of American adults were obese with a body mass index (BMI) X30, whereas in 2000, the number doubled to 30.4% (with 33.2% women and 27.6% men affected). 1 More recently, sleep disorders and chronic sleep restriction, in addition to the well-established role of conditions such as diet, nutrition and exercise, have been identified as novel factors that may explain the increasing prevalence of obesity. 2 Several surveys have shown that American adults sleep significantly less than in the beginning of the twentieth century. 3, 4 In addition, many studies have demonstrated that increased levels of obesity are associated with decreased sleep duration. [5] [6] [7] [8] [9] [10] [11] Furthermore, a number of physiologic studies have shown that sleep deprivation may predispose individuals to weight gain by increasing appetite, and thus caloric intake as a result of altered levels of appetiteregulating peptides, such as leptin and ghrelin. 12, 13 This evidence supports a potential role for sleep curtailment as a novel risk factor for weight gain and obesity.
One gap in the published studies on the association between short sleep duration and obesity is that there is no information about the characteristics of the obese individuals that report curtailed sleep. Is the self-reported short sleep duration a result of voluntary chronic sleep restriction, sleep disturbances or increased emotional stress? In this study, we examined the association of BMI, the three most prevalent subjective sleep disturbances, that is, insomnia, sleep difficulty and excessive daytime sleepiness (EDS), and emotional stress with subjective and objective sleep duration in 1300 individuals randomly selected from the general population in Central Pennsylvania that were evaluated thoroughly in our Sleep Center.
Methods
The data presented here were collected as part of a two-phase protocol of which the primary purpose was to establish the age distribution of sleep-disordered breathing (SDB). The men and women were collected separately in two identical protocols and have previously been reported. 14, 15 The study was reviewed and approved by our institutional review board. All subjects signed an informed consent. In the first phase of the study, a sample of 16 583 adult men and women (aged 20 year or older) were randomly selected from two counties in Central Pennsylvania (Dauphin and Lebanon) and were interviewed on the phone with a structured questionnaire. 14, 15 In the second phase of this study, a subsample of 741 men and 1000 women were randomly selected from those subjects previously interviewed by telephone. Each subject was studied in our sleep laboratory. They completed a comprehensive medical evaluation, including sleep history and physical examination, and the Minnesota Multiphasic Personality Inventory-2 (MMPI-2). 16 BMI was based on height and weight measured as part of the physical examination. The MMPI-2 is a 567-question psychometric instrument that remains the most widely used and researched test of chronic emotional stress. Thirteen hundred subjects completed a valid MMPI-2. All subjects were evaluated for one night in the sleep laboratory for 8 h using 16-channel polygraphs, including electroencephalogram, electrooculogram and electromyogram. The sleep records were subsequently scored independently according to standardized criteria. 17 Respiration was monitored throughout the night by use of thermocouples at the nose and mouth and thoracic strain gauges. All-night recordings of hemoglobin oxygen saturation (SaO 2 ) were obtained with an oximeter attached to the finger. For the purposes of this study, sleep apnea was defined as an obstructive apnea or hypopnea index (OHIX15). Also, objective sleep duration was based on percentage sleep time (%ST). In addition, for those subjects who participated in the polysomnographic phase of this study, we subjectively assessed, 'how many hours do you usually sleep at night?'
As part of the initial interview (phase I), we assessed for the presence of all sleep disorders. The presence of insomnia was established on two levels of severity. 18 , which is the current definition of obesity. 21 In the presentation of the data, we have followed the current definition of obesity except otherwise indicated. The overall subjective sleep disturbance was defined as having at least one of the following complaints: EDS, insomnia or sleep difficulty. The chronic stress level was measured by the average of the T scores of all eight clinical subscales of MMPI-2. T scores with a mean of 50 and an s.d. of 10 are generated for the eight major clinical scales. ScoresX65 (1.5 s.d. above the mean) indicate a significant deviation from the original normal standardization pattern of responding and suggested an elevation at a clinically significant level. For inference concerning general population, such as estimations and comparisons of the prevalence rates of individual and overall subjective sleep disturbances, weighted analyses were performed to take into account the oversampling of those more-at-risk for SDB individuals in the second phase of the Penn State Cohort Study. For association studies, the analyses were adjusted for demographic variables as needed without including the sampling weights. In Figure 1 , the five categories of self-reported sleep duration correspond to: (1) p5; (2) 45, p6; (3) 46, p7; (4) 47, p8; (5) 48 hours. To determine the shape of the relationship between BMI and self-reported sleep duration, a scale from 1 to 5 was assigned for the five sleep duration categories. Then a piecewise regression model was fitted to test whether the slopes of the sleep duration were linear before and after 7 h of sleep after adjusting for age and gender. The results were further confirmed by fitting a polynomial regression model between BMI and sleep duration (data not shown).
Multiple regression analysis was applied to assess the individual and joint effects of MMPI-2 and BMI on the reduction of self-reported and objective sleep durations, while adjusting for age, gender, current report of smoking Sleep duration, sleep disturbance, stress, obesity AN Vgontzas et al and SDB. In order to compare the relative contribution of the MMPI-2 and BMI, the magnitudes of the effects of MMPI-2 and BMI were expressed in terms of 1 s.d. change. Furthermore, interaction between gender and MMPI-2 was also tested to examine whether gender is an effect modifier. Similar regression analyses were performed for sleep disturbances and BMI, and for all MMPI-2, sleep disturbances and BMI. Pearson's correlation was used to describe the association between MMPI-2 and sleep duration for those who slept 48 h. Analyses of covariance adjusting for age were performed for mean comparisons of sleep duration and individual MMPI-2 scales among various sleep disturbance groups within obese individuals as well as between obese and nonobese asymptomatic individuals.
Mean±s.e. and percent were reported for demographic and sleep characteristics of the 1300 study subjects. The statistical significance level was set at 0.05, except 0.1 that was set for testing interaction terms in the multiple regression analyses.
Results

Self-reported sleep duration and BMI
The characteristics of the sample are presented in Table 1 . The BMI of our sample is somewhat high because (1) we oversampled for risk factors of SDB, including obesity and (2) the BMI of men and women from Central Pennsylvania was higher compared to the national population. 14, 15, 19 Because there was not a significant interaction between gender and reported sleep duration (data not shown), we examined the association within the entire sample. We found a significant curvilinear relationship between average nightly sleep and BMI after adjustment for age and gender ( Figure 1 ). The maximum BMI was associated with an average sleep duration of o5 h. Compared to the group of subjects who slept 46 and p7 h, BMI decreased proportionally to increased sleep for those who slept less (Po0.05 for linearity test of the first three groups in the figure); however, BMI remained similar for those who slept more (P-value ¼ NS for linearity test of the last three groups in the figure).
Association of self-reported sleep duration with sleep complaints Individual sleep complaints, as well as overall, were more prevalent in the obese vs nonobese individuals (47.4 vs 25.5%; Po0.01; Table 2 ). Both obese men and women with Figure 1 Relationship between body mass index (BMI) and average self-reported nightly sleep. Mean BMI and s.e. for 45-min intervals of average nightly sleep after adjustment for age and gender. Number of subjects in each category is indicated in parentheses below the average nightly sleep duration. Figure 2 ). The shortest sleep duration was reported by the obese insomniac patients who averaged 5.9 h, followed by obese subjects with EDS or sleep difficulty. In contrast, obese individuals without sleep complaints reported very similar sleep duration to nonobese without complaints (7.0 h for obese and 6.9 for nonobese individuals).
In a regression analysis that included the entire sample of 1300 subjects, both BMI and presence of any sleep complaints were significant predictors of self-reported sleep duration after adjustment for SDB, smoking, gender and age. The association between BMI and sleep duration was linear and negative. In a stratified analysis by gender (the interaction between gender and sleep complaint was significant; P ¼ 0.01), BMI was significant only for men. ) was associated with a reduction of reported sleep by 5 min. Equivalently, a 10 kg m À2 increase in BMI was associated with a reduction of reported sleep by 16 min for men and 6 min for women. Furthermore, sleep complaints were significant for both genders. In men, the presence of a sleep complaint was associated with an approximately 18 min reduction of reported sleep, whereas in women, it was associated with a reduction of sleep by 42 min. Notably, in men, the presence of SDB was associated with an increase of self-reported sleep duration. Finally, we examined whether depression and medical disorders associated with physical pain/discomfort, that is, arthritis, migraine headaches, peptic ulcer/gastroesophageal reflux disease, irritable bowel syndrome, were more prevalent in obese vs nonobese subjects. There was no significant difference between the two groups in terms of depression, or pain/discomfort-related physical disorders.
Association of self-reported sleep duration with stress
In a multivariate regression analysis that included the entire sample, with dependent variable self-reported sleep duration and independent variables BMI and MMPI-2, after adjusting for age, smoking, gender and SDB, both BMI and average MMPI-2 score were significant predictors of sleep duration. In the main effects model, the effect of MMPI-2 score was stronger than that of BMI in terms of reduction of sleep duration per 1 s.d. increase of MMPI-2 or BMI, as well as of the P-values. No significant interaction between MMPI-2 and gender was observed. However, there was a synergistic joint Sleep duration, sleep disturbance, stress, obesity AN Vgontzas et al effect between MMPI-2 and BMI, that is, the MMPI-2 effect was modified by the BMI levels (Po0.1). For an increase of MMPI-2 by 1 s.d., the reduction of self-reported sleep was greater among the heavier individuals than in the lighter individuals. Similarly, for an increase of BMI for 1 s.d., the reduction of self-reported sleep duration was greater in the more distressed individuals than in the less distressed individuals (Figure 3) . The subjects that reported sleep duration 48 h were mostly middle-aged and older individuals (75% were 445 years). Interestingly, in this group of 'long sleepers', long sleep duration was associated with higher levels of stress (r ¼ 0.45; Po0.05) only in younger adults (age p45).
Association of self-reported sleep duration with sleep complaints and stress
Obese subjects with sleep complaints experienced higher levels of stress compared to those without sleep complaints. Specifically, obese men and women with insomnia or sleep difficulty showed significantly higher scores on all eight clinical scales of the MMPI-2 compared to those without sleep complaints (Figure 4 ). The same pattern was noted for obese subjects with EDS vs asymptomatic (without sleep complaints) obese individuals. However, the differences were stronger in women who reported EDS compared to men. In contrast, there was no difference in MMPI-2 profiles between asymptomatic (no sleep disturbance) nonobese vs asymptomatic obese individuals.
In a regression analysis that included BMI, MMPI-2 and sleep complaints as independent variables, BMI was a significant predictor of self-reported sleep duration after adjusting for age, smoking, gender and SDB. The association between BMI and sleep duration was linear and negative. There was also a synergistic effect between MMPI-2 and sleep complaints. Specifically, for every unit increase of MMPI-2, the reduction of self-reported sleep was greater among those who had sleep complaints. Similarly, the effect of sleep complaints on the reduction of self-reported sleep duration was greater in the more distressed individuals than in the less distressed individuals. 
Discussion
The major finding of our study is that, in a large general population sample, the complaint of a sleep disturbance and chronic emotional stress are the primary predictors of short sleep duration reported by obese individuals. The detection and management of subjective sleep disturbances and chronic emotional stress, present in approximately 47% of obese subjects, may lead to novel preventive and therapeutic strategies for obesity. Many studies have shown that obesity is associated with self-reported short sleep duration, [5] [6] [7] [8] [9] [10] [11] and it has been assumed that voluntary sleep curtailment is one of the possible mechanisms that lead to obesity. Our study suggests that in obese subjects, self-reported short sleep duration is not an indication of voluntary sleep restriction but rather is a marker of the presence of subjective sleep disturbances and emotional stress. In contrast, obese subjects without sleep disturbances or emotional stress did not differ in selfreported sleep duration from nonobese controls, suggesting that obesity per se does not contribute significantly to the shorter sleep duration associated with obesity. Interestingly, the association of sleep disturbance with short sleep duration was stronger in obese women than men. From a practical standpoint it appears that, for obese and distressed subjects who sleep poorly, our goal should be to treat their specific sleep disturbances and reduce emotional stress rather than encourage them to simply lengthen their sleep period. In fact, in the most common sleep disorders, for example, insomnia and sleep difficulty, lengthening time in bed may be countertherapeutic. In the 1300 individuals from Central Pennsylvania, the association between reported sleep duration and BMI was curvilinear with reduced sleep duration associated with increasing BMI consistent with previous studies. [5] [6] [7] [8] 10, 11 Also, a smaller number of individuals slept more than 8 hours. As yet, no data exist to describe those obese subjects who report 'long sleep'. Based on our study, the group of long sleepers consists of two subgroups. The first, which is the larger group, consists of nondistressed, older individuals (age 445), an age associated with conditions of prolonged sleep Sleep duration, sleep disturbance, stress, obesity AN Vgontzas et al duration and objective EDS, such as sleep apnea and metabolic syndrome, 14, 15, 22 and a second group of young, emotionally distressed, obese individuals consistent with previous studies that showed that in the young, depression is frequently associated with hypersomnia or extended periods in bed. 19, 23 Another important finding of our study is that a significantly larger percentage of obese individuals reported sleep complaints compared to nonobese controls (47 vs 25%). It is possible that obesity and sleep pathology share some common pathophysiologic abnormalities that lead to this significant overlap. Many of the neural systems in the hypothalamus important in sleep/wake regulation, such as CRH, interleukin-6 (IL-6) and orexin, may also play a role in weight maintenance. [24] [25] [26] Interestingly, a recent study showed that obesity and sleep pathology, that is, insomnia and sleepiness, share common genetic factors. 27 Also, the increased comorbidity of obesity with medical and psychiatric disorders 28 may lead to the increased prevalence of sleep complaints. However, in our study, depression and pain/ discomfort-related disorders were not more prevalent in obese vs nonobese individuals. Independent of the underlying mechanisms, our data suggest that obese individuals are vulnerable to sleep pathology, and evaluation and treatment for their sleep complaints should be part of their multidimensional treatment plan. Emotional stress was strongly associated with sleep complaints consistent with previous findings in regard to insomnia and EDS. 18, 19, 29 Interestingly, in a recent study in elderly women, stress related to poor social relations and poor sleep quality had additive effects on plasma IL-6 levels, a known marker of increased morbidity and mortality. 30 This suggests that, in distressed obese individuals with sleep disturbances, improving both conditions may have additive beneficial effects on their physical and emotional health, and longevity. Our crosssectional study does not allow for a cause-effect association between stress and obesity. However, it has been suggested that chronic stress leads to the increased consumption of palatable food ('comfort food') and subsequent weight gain and that, in turn, comfort food reduces the activity of the stress system and its attendant anxiety. 31, 32 Support for the possibility that consumption of comfort food might be a significant factor to the current obesity trend is that between 1971 and 2000 there has been a significant increase of daily average caloric intake, 33 while physical activity levels showed little change. 34 This increase might be related to increased job demands and social stress 35 and the drop, in the same period, of the prevalence of common practices that are associated with reduction of perceived stress, eating and weight, that is, smoking.
36
Smoking reduces eating and weight, and is more prevalent in nonobese individuals, consistent with the data from our sample (data not shown). Independent of the direction of the association between stress and obesity, stress management and more healthy coping mechanisms to deal with stress may be very useful in the prevention and treatment of this 47% of the general obese population. In contrast, the same methods may be of no use for the nondistressed 53% of the general obese population. There was no significant association between obesity and objective measures of sleep duration consistent with two previous studies that reported no association between obesity and objective sleep duration. 7, 37 That there is no association between objective sleep duration and weight suggests that an individual's perception of sleep duration is influenced by factors other than sleep per se, such as sleep complaints and stress. 18, 19 Previous studies in clinical and epidemiologic samples have shown significant differences in objective sleep efficiency measures between patients with sleep complaints, particularly insomnia, and normal controls, but not strong enough to be clinically useful in differentiating sleep disordered patients from normal sleepers. 18, 19, 38, 39 A limitation of our objective measures is they were obtained from a single night recording, which may not reflect the subjects' habitual sleep duration. Previous studies have shown that morbidly obese patients have significant objective sleep disruption compared to nonobese normal controls. 40, 41 In these studies, however, obese subjects drawn from a clinical population, that is, bariatric clinics, were much heavier than in this study, that is, BMI of approximately 45 vs 30, and were more likely to be distressed and to have more frequent and severe sleep complaints. Subjective short sleep duration in large community samples 7 and sleep restriction in controlled studies 12 are associated with reduced leptin and elevated ghrelin, changes that are likely to increase appetite and weight gain. However, the fact that obesity is associated with subjective but not objective measures of sleep suggests that, in addition to objective sleep loss, other mechanisms, for example, stress and impaired sleep homeostasis, may also lead to hormonal and appetite changes. For example, it has been shown that acute or chronic psychologic stress leads to increase of plasma ghrelin and decrease of plasma leptin. 42, 43 It is plausible that the three most prevalent subjective sleep disturbances, which are frequently associated with emotional stress and altered sleep homeostasis, may affect the levels of appetite-regulating peptides, that is, leptin and ghrelin, and result in increased appetite and caloric intake and, ultimately, to weight gain and obesity. Our finding that approximately 47% of obese subjects of the general population report poor sleep and emotional stress, whereas the remaining 53% sleeps well and are not emotionally distressed, supports our model of at least two phenotypic subtypes of obesity. 44 One subtype is associated with emotional distress, poor sleep and hypothalamuspituitary-adrenal (HPA) axis hyperactivity, while the other is associated with normothymia, better sleep and HPA axis normal or slightly hypoactive basal function. 45 These two subtypes may respond differentially to preventive and therapeutic strategies for obesity.
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In conclusion, our study suggests that in obesity, short sleep duration is a marker of subjective sleep disturbances and emotional stress, conditions prevalent in approximately 47% of obese people in the general population. The detection and management of sleep complaints and stress in obese individuals should be part of the multidimensional treatment strategy for obesity and may lead to prevention of the increasing prevalence of obesity in modern societies.
